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News sources in recent months abound with articles 
and reports on the subj ect of the oil crisis , the Arab Oil 
Embargo , and the need for the United States to become self­
sufficient in the area of energy . For an analysis of this 
critical situation , an important question which must be 
considered is , what goals should be set by the United States 
and what policies should be established as a means to achieve 
these goals . To determine the best solution to this question , 
it is necessary to examine the energy market . 
In the energy market , oil and natural gas have con ­
tinued to dominate as the most demanded sources of energy . 
For reasons of simplicity and to limit the discussion to 
topics relevant to this study , the oil and natural gas por ­
tion of the market will be defined as the petroleum sector 
even though the latter also includes petrochemical , fertil ­
i zers , and plastic materials . To illustrate the importan�e 
of the petroleum sector to the United States primary demand 
for energy , the percentage share of. the total primary energy 
demand contributed by th� petroleum sector should be noted . 
In 1955 , the petroleum sector constituted 67.0 percent of 
the primary energy demand , in 1960 it was 72 . 2  percent , in 
1 965 it was 7 3 . 2  percent , and in 1970 it was estimated to 
be 7 3 . 4  percent . 1 
2 
The petroleum setter can also be divided into indus-
tries . The dominate one in the petroleum setter is the 
gasoline industry . An example of the importance o f  gasoline 
can be seen by looking at the demand for petroleum . In 1955 , 
gasoline constituted 4 3 . l  percent of the total petroleum 
demand , in 1 960 it was 42 . 7  percent , in 1965 it was 42 . 2  
percent , and in 1 970 it was estimated to be 4 3 . 0  percent . 2 
The conclusions to be drawn from the two preceding para-
. graphs are : the petroleum sector is a significant portion 
of the energy market , the gasoline industry is a signi ficant 
portion of the petroleum sector , and therefore the gasoline 
industry i� an important portion of the energy market . 
Although the importance of the gasoline industry is 
stressed in the preceding paragraphs and is the topic of 
this study , it should be noted that other factors do affect 
the energy market besides gasoline . These factors will be 
discussed in the concluding chapter of this study . 
The choice o f  a proper analytical tool is important 
to the analysis . The two stage least squares means of esti ­
mation which is chosen to·be the tool in this analysis , is 
lwickam Skinner and David C . D. Rodgers , · Ma·nufac·tur'ing 
Policy in 'th� Oil Iridustry , (Illinois , . 1 970 ) , p. 3 3. 
2 Ibid . , p .  3 4 . 
one of many possible statist ical tools of analysis . This 
tool of two stage leist squares ·is used to estimate the 
price elasticity of demand , which Ferguson and Maurice 
define as the responsiveness of quantity demanded to price 
changes . 3 This study attempts to measure ·this responsive-
ness. 
Purpose 
The purpose of this study is to estimate the price 
elasticity of demand in the gasoline industry using an ex-
cess demand model as developed by Mcc allum and applying 
two stage least squares as a means of estimation . 
Procedure 
B . T .  McCallum in his article " Competitive Price 
Adj ustments : An Empirical Study" formulates models of 
competit ive pr ice adjustments and explores the adequacy 
of each for empirical use . This excess demand model as 
developed by McCallum will be used as the b asic model in 
this discussion . It will be reduced to a reduced form 
equation and tw6 stage least squares will be applied 
resulting in an estimator for price (p). This will be 
substituted into the de�and equatiori from which the price 
. 3c. E . Ferguson and S. Charles Maur i ce , Ec·o·n·onlic 
Analysis , (Illinois , 1974 ) , p .  60 . 
3 
4 
elasticity will be computed for each month and for.the whble 
period by means of logarithms . 
Estimating the price elasticity o f  demand is a use ­
ful tool in determining policy decisions , market predict� 
ability , and as an academic exercise . 
The policy implications have been discussed pre ­
viously . Should gasoline prices be frozen , kept artifi ­
cially high or should quantity be rationed? The price 
elasticity of demand is an important measurement in the 
determination o f  the correct alternative. 
Market predictability is another consideration . 
How much should be produced and how much is projected to · 
be sold? Price elasticity is again an important consider-
ation in determining the answers . 
Another important factor is the development o f  
logical reasoning in an academic exercise . Ferguson and 
Maurice states : 
The economist starts with the real world , 
makes exp·erimental abstractions , performs experi­
mentations , obse.rves the results. and applies the 
statistical interpretatiori to_the real world 
(statistical methtid) (or starts w ith the real 
world , makes theoreticaL a�stract�ons , _develops 
a logic argumerit with c0nclusi0ns , and applies 
the theoretical-inte-rpretation to the real world 
(deductive method) . 4 
4rbid. , pp . 4- s. 
Both the statistical and the deductive metho'ds compliment 




REVIEW OF THE BASIC F RAMEWORK 
As stated previously , the price elasticity of demand 
for gasoline industry will be estimated using an excess 
demand model as developed by McCallum in " Competitive Price 
Adj ustment : An Empirical Study " and two stage least squares 
will be used to estimate the quantity demanded and price 
estimator . Both the excess demand model· and two stage least 
squares are to be reviewed in this chapter. 
ReVie·w of the McGalTU:ni Ar"ticTe· ·an"d· ·the· "Ex·c·e·s·s· ·ne·m·a·nd Mo"del 
McCallum mentions the contrasts between the theo ­
retical literature which proposes that price dynamics is· 
based upon excess demand and econometric studies which in 
some cases use only haphazard theoretical j ustifications 
for their price adj ustment mechanisms . Two . important points 
which McCallum states make it difficult to work with theo­
retical law of supply and demand in econometric studies are 
(1) dP/dt = ¢ (D ( P )  - S (P ) ) = ¢ (E (P) ) or the change in the 
price level over time which is a function o f  the excess 
demand , E (P ) , is expressed in continuous time while actual 
data is m�asured in periods of discrete time and ( 2) inven ­
tories are not recogni zed in the theoretical models b ut do 
affect �rice movements in some industries . The first point 
is important in the development of this study but based on 
prior research in this field by James Ficalora concerning 
inventories in the gasoline industry , the sec�nd point w ill 
not be �onsidered because the inventory variable was not 
p roven to be statistically signi f icant . I There fore , the 
objective of McCallum' s study in which we are interested 
. is the formulat ion o f  a model of competitive price adjust ­
ment mechanisms which can be tested for adequacy in empiri-
cal testing . 
7 
In the simple static equ ilibrium analysis , the inter-
action of supply and demand will yield an equilibrium posi ­
tion which determines the price level and quantity produced . 
However , because o f  impe�fect market conditions and a dis ­
crete time frame , disequilibrium in t_he market is expected . 
This d isequilibrium in the market is expressed by the Excess 
Demand F unction which is an alternate expressi on of the law 
o f  supply and demand . 
In a dynam ic process , the theorists' standard single 
market version o f  the law of supply and demand is expressed 
by the excess demand function : 
dP/dt = ¢ (D ( P )  - S ( P ) ) = ¢ (E ( P ) ) ( 1 )  
where 
¢ ' > 0 and ¢ (0) = 0 .  
lJames J .  F icalora , "An Excess Demand Model of the 
Gasoline Industry'' , (unpubiished Research Paper for South 
Dakota State Univers ity , 19 7 4) , p .  16. 
This dynamic express·io� h �s prices (P) changing 
continually over time (t ) as a repercussion o f  the dis ­
equilib�ium between quantity supplied S ( P )  and quantity 
demanded D ( P ) , where th� excess demand E ( P )  is equal to the 
functional relationships of supply and demand as shown in 
equation (1). 
Equation (1) is di�fic�lt for the econometrician�to 
work with because data is recorded in discrete periods and 
the equation does not allow for this . F urthermore , it is 
8 
an arduous task to choose which (if any ) o f  several discrete 
versions should be used to best approximate the standard 
formulation . 2 
To trans form equation (1) into an econometrically 
workable form , McCallum lets Pt and Et denote the price 
and excess demand during period t ,  and then obtains two 
discrete versions of equation (1). With the counterpart 
of equation (1 ) taken to be linear , these are : 
(�) 
( 3 )  
where k is a positive constant and E is the reduced form o f  
the excess demand . Even though one agrees that changes in 
price are the result of excess demand occurring at some 
previ�us time , it does not ne�e�sarily follo� th�t the lagged 
2B . T .  Mccallum ,  " Competitive Price Adjustments : An 
Empirical Study" , The Anier:rc·an: 'Ec·o·n·o·m ic· ·Re-View , · (March , · 1 974), 
p .  56 . 
version (equation ( 3 ) ) -is ac cep table for empirical purposes 
because the p e riod of observation may be diffeient than the 
length of time involved in the ·equation . 3 Thus suggesting 
that Et and Et-l might both be important determinants of 
Pt - Pt- 1' and an extended distributed lag might be neces­
sary . Therefore , in order to consider different lag struc­
tures , Mccallum introduced: 
and 
pt - pt-1 = 
k (¢Et + ( l-¢)Et-1) 
where 0 < ¢ < 1 
pt - p t-1 = (1 �A)kEt + A (Pt-1 - Pt_z ) 
whe re 0 < A < 1 
as additional specifications of value . 
Why investigate so many different lag structures? 
( 4 )  
(5) 
The underlying nature of each particular industry determines 
the specific amount of time needed for the ex cess demand to 
be  transformed into price adj ustments. The amount of time 
necessary for these adj ustments depends upon such factors 
as the nature of· the market , the industries' production 
function , and the speed and efficiency of the transmission 
mechanism by which information is collected by the buyers 
and sellers . Because of the difficulty in determining 
these variabl es in econometric studies , more than one lag 
31bid. , p .  57. 
structure must be··consideied . Theiefore th� lag structure 
app ropriate for the sp etific industry could range from one 
rep resented in equation (2), the Koyck ve rsion of the geo ­
metric distributed lag as in equation (5), or some othe r 
· extended distributed lag structure .  
1 0  
Since excess demand cannot b e  directly measured , the 
demand and supply functions must be based upon op e rational 
variables .  For the purpose of illustration , Mccallum used 




whe r e  
Dt = b0 +b1 Pt+bzYt+u 
· ch1<0 , bz>O) 
St = a0 +a1Pt +azWt+v 
(a1>0 , az<O) 
Pt = Price in time p e riod t 
Yt = Income in time p e riod t 
Wt = Wage rate in time p eriod t 
u and v ar e random e rror te rms. 
(6 ) 
(7) 
By definition in equation ( 1) , the le vel of e xcess 
demand will be : 
Excess Demand (8) 
11 
McCal lum then uses the procedure of subs tituting 
equation (8) into the lag equation (2) through (5) and sol ves 
in each ·case for Pt . As an example , the resulting equation 
based on equation (2) can be expressed as : 
pt - pt -1 = k ( ( b O -a 0 ) + Cb 1 -a 1 ) Pt+ b 2 Y t -a 2 Wt ) (8) in to ( 2) 




1 kb2 ka2 
+ ----- Yt - ----- wt + Pt-1 + x 1-k (b1-a1) 1-k (b1-a1) 1-k (b1-a1) 
or stated in the reduced form , 
(9 )  
where x is a random error term. Since u and v are both ran -
dom error terms , their subtraction wil l  produce a random 
error term x .  This reduced form equation wi l l  be the basis 
for the empirica l test . 
It  is crucia l to note that supp ly and production 
are not synonyms in this operational version of the tradi­
tional theory . Supply is expressed in terms of its deter ­
minants instead o f  any directly observable magnitude such 
as quantity of output . The purpo�e of this is to make the 
model less restrictive thus increasing its chances for a 
satisfactory empirica l performance . 
Another crucial point is that equation (9) has been 
written with pt on the left hand s
ide ·to describ� price 
levels but one cannot p redict the price level without 
simultaneous ly predicting the value of the chinge in p . t 
12 
Having reviewed the excess demand model as developed 
by McCal lum and noted the critical points , it is now impor­
tant to review the estimation technique to be used in this 
-study , that of two stage least squares . 
Review of Two Stage Le�st Sguares 
The construction of economic models causes the 
researcher to encounter many probl ems , one such p roblem of 
interest in this study is the problem of identification. 
Merri l l and Fox present an excel lent examp le of 
the identification problem in economic models . 4 They ex­
p lain that multip le regression ana lysis can be extended , 
in theory , to consider any number of "independent" variables 
and any one of the variables may be p laced in the dependent 
position . As an examp le the retai l price of beef is ex­
pressed as a function of the quantity of beef avai l able for 
consumption p lus other variables . This a l so can be expressed 
as the quantity of beef available for consumption as a func­
tion of the retail price of beef p lus the other variables . 
Since the economist is interested in cause and effect rela­
tionships ,  there is a logical inc6nsistency between the equa­
tions . One equation should be preferab le to the other . 
4wi l liam c. Merril l and Karl A. Fox; Tntr·od·u·c·ti.on 
to' 'Ec·o·n·o'mic Statis.tics , (New York, 1970 ) , P · 5 15 · 
13 
I t also can be argued that there ex ists a structural 
re lationship between price and consumption , as can be seen 
in the consumer demand curve . s 
P = a + b Q (10 )  
or in the inverse 
Q = - a/b + (l/b ) P .  ( 1 1) 
In fact , we could choose the regress ion of P on Q 
or Q on P and expect them to be recip roca ls , but this does 
not work in the real world because of disturbances and 
measurement er rors resulting in the estimator b of the 
regression P on Q not being equal to the reciprocal of the 
coefficient (1/b )  of the regression Q _on P .  
The critica l point to be noted is if both P and Q 
are logica l ly dependent upon the other and are both logi­
ca l ly dependent upon the remaining variables in the equa ­
tion , a contradict ion occurs . There is one equation and the 
need to determ ine the values of two variables . The require ­
ment now is to est imate two different relationsh ips between 
two dependent variab les , one relationship being the demand 
curve and the other being the supp l y  curve . How is one 
regress ion coefficient identified with the s lope of the de­
mand curve and another regress ion.coefficient identified with 
the s lope of the simultaneous supp ly curve ? 
5 I bid . , p .  s16 .  
305243 
SOUTH DAKOTA STATE UNIVERSITY LIBRA. Y 
One of the simpler methods that has been proposed 
is the method of two stage least squares . Assume Q to be 
the dependent variable in a structural supply and demand 
function as shown below:6 
14 
Demand: (12) 
Supply: Qs = a2 + b2P + czZ (1 3) 
By bringing b1P and_b2P to the left sides of the 
equations and applying Cramers ' Rule , the resulting reduced 
form equation will be: 
or in the reduced equation form 
(1 4) 
In the reduced form equation , we have regressed P 
on Y and Z , which are all of the exogenous variables in the 
model . The values of P estimated from this equation , P, is 
a function of the two exogenous variables . This completes 
the first stage of the process .  
The second stage consists of substituting the time 
series of p for the time series of the original P .  The re­
gression of Q on p and y is then calculated as an estimate 
of the structural demand function . 
6rbid . , p .  s26 . 
- 15 
Having reviewed th� excess de�and model and the 
estimating techniques of two stage least squares , the next 
chapter entails the methodology to be used in this particu­
lar study . 
Chapter. 3 
METHODOLOGY 
The purpose of this study is to estimate the elasti ­
city of demand in the gasoline industry and to build conclu­
sions from this estimation . The model is an excess demand 
model and the technique of estimation is two stage least 
squares . 
Basic Model and Procedure 
Application of an excess demand model to the gasoline 
industry requires modification of the demand and supply equa­
tions as shown in equations (6) and ( 7) .  
The demand equation for the gasoline industr·y is 
taken to be a function of the price of gasoline and of real 
personal income (nominal income divided by the consumer 





(15 )  
pgt is the price of gasoline 
yt is real personal income 
bl < 0 and bz > 0 
The supply equation must reflect the determinants of 
run marginal costs in the industry . Wages as in equa-
( 7) ar e not an adequate determinant because the petro-
industry is so heavily capital intensive . Therefore , 
1 7 
wages are not considered and are replaced by the maj or input 
into the production process . The supply equation is now a 
function of the price of gasoline and the price of crude oil . 
The supply equation can now be expressed as : 
where Pct = price of crude oil 
a1 > O and a2 < O 
(16) 
Using equation (15) and (16 ) , the excess demand in 
the gasoline industry is again determined by definition to 
be : 
The adj ustment equation (2) was selected in the ex­
ample of Chapter 2 because of its simplicity and because the 
simple form proved acceptable based on empirical results . 
Hence , equation (17 )  is substituted into equation (2 ) and 





(18 )  
From equation (18 ) , the reduced form of the




in which the signs of the underlying parameteis imp ly that 
TI1 , TI2 , and TI3 are greater than zero . 
. Having found the reduced form equation (19) , the 
next step is the application of two stage least squares . 
In the first state , Pgt is regresse� on Yt , Pct' and Pgt-l" 
This results in a price estimator (Pgt) .  In the second stage , 
the quantity demanded equation . (15) is used and the variables 
Dt , Pgt' and Yt are used to find the coefficients b0 , b1 and 
b2 . The variable Dt is defined as the retail sales in dol­
lars of gasoline divided by price of a gallon of gasoline . 
· From this equation you can determine the price elasticity 
of demand . 
I n  this study , the price elasticity was determined in 
two ways . To determine the elasticity on a monthly basis , 
the coefficient b1 was multiplied by Pgt/Dt to find the 
price elasticity , or: 
A A 
s = b1 (P/Q) = (aQ/a P) (P/Q) . p . 
(20) 
To find the price elasticity for the whole period , 
equation (15) was placed in logrithmic form . 
A 
In Dt = b0 + b1 lnPgt + bz lnYt 
(21) 
From equation (21) ,  the price el�sticity may be com­
p uted by determining the coefficient bl , or: 
A 
sp = b1 = (�ln Dt/al
n Pgt) .  (22) 
19 
so·urces· ·of Data 
In any empirical study , the proper selection of data 
series to represent the variables is essential for satisfac-
tory analysis . All data series in this study were retrieved 
from Data Resources Incorp orated (DR I ) . The following is a 
listing of the variables used and a description of each . 
P gt Description· of Series PMRGASNS -
Retail price of regular gasoline (5 5 cities) 
dollars per gallon , not seasonally adj usted , . 
exclusive of taxes . Prices reported for 
first of month are b anked for preceding 
month . U . S . Dep artment of Commerce , Office 
of Business Economics , Survey of Current 
Business and Biennial Business Statistics . 
Dt Description Series S5 5 4  -
Retail sales-gaso line service stations 
billions of current dollars , seasonally 
adj usted at monthly rates . U . S . Department 
of Commerce , Bureau of the Census , Current 
Business Rep orts , Monthly Retail Trade . 
Y
t Description of Series YP -
Personal income , billions of current dollars , 
seasonally adj usted at annual rates U . S .  
Department of Commerce , Bureau of Economic 
Analysis , National Income and'.P�oduct Accounts 
of the United States , Table 2 . 2 . 
Description of Series CPI  -
Consumer price index - all items (seaso�ally 
adj usted) . Ind�x �ase: 1967 = 1 . 0? adJust­
ment is by·multipl1cat1ve factors kindly 
provided by the U . S .  _
De�artment of Lab or ,  
Bureau of Labor Statistics . 
P Description of Series WP I 0561NS -ct 
Wholesale price index - crude petroleum . 
I ndex base: 196 7 = _1.0 not seasonally 
adj usted . U . S .  Department of Labor , 
Bureau of Labor Statistics . 
20 
Chapter 4 
EMP IR I CAL ESTIMAT I ON 
Basic Model. and the· Pr'obTem· ·o·f Au.toc·o'rreTa.tion 
Data Resources Incorporated computer facilities 
were used to retrieve the data series· and to run the re-
gressions . All data was monthly data covering the period 
from January 1955 through December 1974 . The interval in 
each regression varies as to the starting month because of 
the lagged variables within the vari ous equations . 
Ordinary least squares estimates of equation (19) 
for the interval of February 1955 to December 1974 is pre­
sented in Tab le 1. This equation , it will be recalled , 
represents the reduced form equation of the excess demand 
equation (17) which uses equati on (2) as an adj ustment 
methanism . The results of th is regression are quite accept­
able . All of the coefficients are of the hyp othesi zed sign , 
the t-statistic indicates the coefficients are statistically 
significant at the five percent level , and the adj usted c o­
efficient of multiple determination (R
2) is high . The 
Durbin-Watson statistic indicates the absence of serial 
correlation , even though the presence of a lagged dependent 
variable in equation (19) brings up the question of the re­
liability of the Durbin-Watson, This must be accepted ,  be ­
cause of the purpose of running this regression of equation 







R2 = 0 . 9 7 7 4 
Table 1 
Ordinary Least Squares Estima tion 
of the Reduced Form 
Excess Demand Model 
(Equa tion 19) 
Es timated 
Coeff icien t 
-0 . 0005225 
0 . 00001 30 
0 . 0 322618 
0 . 82 3 4 790 
Standard 
Error 
0 . 00270 4 2  
0 . 00000 4 5  
0. 006 7 415 
0 . 0 4088 76 
Durbin-Watson = 1 . 8276 




-0 . 19 325 0· 
2 . 8 9 4 720 
4 . 785550 
20 . 14 0100 
substituted into equation (15) to obtain the valu� �f �gt 
and Dt used in determining the price elasticity of demand . 
2 3  
Therefore , the next regression using ordinary least 
squares wa�.performed on equation (15 )  for the interval 
February 1955 through Dec.ember 1974 . The ·results .of this 
regression , shown in Tab le 2 are not so impressive . All 
of the estimated coefficients are of th� proper hypothesi zed 
sign (note especially the sign of the coefficient of Pgt) ,  
the t-statistic indicates the ceofficients are statistically . 
significant at the five percent level , and the adj usted co­
efficient of multiple determination is acceptable . The prob ­
lem arises in the Durbin-Watson which ·indicates a high degree 
of serial correlation . 
Because of the poor results received from the Durbin­
Watson as presented in Table 2 ,  another regression was run 
on equation (15 )  but this time using ordinary least squares 
with an autoregression option . This regression option carries 
out a general autoregressive scheme as shown in the following 
example . 1 Suppose the value of et in equ ation (2 3 )  depends 
on the previous pait of values , or : 
et = P1et-l + Pzet-2 + vt . 
And you are required to estimate B in 
lRonald J .  Wonnacott and Thrimas H. Wonnacott , 
Econometrics , (New York , 1970 ) , P ·  14 4 . 








R2 = 0 . 9 39 7  
Durbin-Watson 
Table 2 





3 . 1802200 
-15 . 524 4000 
0 . 01 4 4 8 4 4  
0 . 5259 
Standard 
Error 
0 . 1 3662 4 0  
0 . 724 9250 
0 . 000251 7 




2 3 . 2 7 72 
-21 . 4151 
5 7. 5295 
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Since equation (24 ) holds true for any time t ,  the ·following 
is also true 
y 
t- 1 
= a + Bxt- 1 + et- 1 (25 ) 
(26) 
Then mult iply ing equat ion (25) by p 1, and equat ion (26 ) by 
p2 , the resu lt is 
Subtract ing equations (27) and (28 ) from equat ion (2 4) 
and 
the 
yt -plYt- 1 - p2Yt-2 
( 1  -p 1 -p2)a + B (xt -
= 
(et -plet- 1 - P2
et-2 ) 
def ining the following 
-rYt 
6 yt plYt- 1 p2
Yt-2 = - -
6 - p2Xt-2 TXt xt - plXt- 1 
Ta � ( 1 - pl 
- P2)a 
resulting equat ion will be 
-rYt 
= -ra + B-rxt 
+ 
Vt . 
(2 7 )  . 
(28 ) 
(29) 
( 3 0 )  
(31 ) 
( 3 2 )  
( 3 3) 
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Note the abs�nce of the se� ial ly correlated e terms . 
The regression showri in Table 3 wa� run for the interval 
February 1955 through December 1 9 7 4 , with the fol lowing 
equat ion : 
where RHO (p ) indicates the degree of autocorre lation for a 
f irst order autoregressi ve process of the error terms . 
The results of th is regression are shown in Table 3 
and the improved resu lts should be noted using the autore­
gress ive scheme . The coefficients are again of the hypothe­
s i z ed sign , the t-stat istic indicates ·the coeff icient of 
Pgt is not stat ist ical ly signif icant at the f i ve percent 
leve l , and the adj usted coeffic ient of mult iple determ inat ion 
is h igher than in the regression without the autoregressi ve 
opt ion . The Durb in-Watson is now acceptabl e  _and the regres­
s ion g i ves a best value of RHO , which ind icates a high degree 
of ser ial correlation in the error term . 
Est imation of the. Pr ice Elast ic ity of Demand 
The pr ice elasticit ies are now computed for each 
month start ing with February 1955 through December 1 9 7 4  usi ng 
equat ion (20 ) . The results follow in Tabl e  4 .  It should be 
noted that the price elast ic ity drops stead i ly w ith few 
osci l lat ions unt i l around the month July 1 9 72 . The osci l la­







Ord inary Least Squares Estimations 
with Autoregress ive Option 
(Equation 3 4 )  
. .  
. . ' . . . 
Est imated 
Coeffic ient 
2 . 78 19 10 
-0 . 3 384 18 
0 .  008979· 
' ' ' • 0 ' ' ' I • • ' 




1 . 394720 




2 . 08228 
-0 . 24264 
3 . 9 1 175 
RHO 0 . 9 395 3 1  0 . 028242 3 3 . 26640 
R"2 = 0 . 975 3 
Durb in-Watson = 2 . 40 15 






February -0 . 0151493 
March -0 . 0154673 
April -0 . 0156174 
May -0 . 0152618 
Jtm.e -0 . 0151646 
July -0 . 0158505 
August -0 . 0155692 
September -0 . 0148592 
October -0 . 0144437 
November -0 . 0140702 
December ·- 0 .  0144590 
Table 4 
of the Month ly Price Elast ic ity 
for the I nterval February 
through December 1974 




.  . .  . . . . . . . 
Year Year Year Year 
19'56 .. 1957 . . . 19'.58· . . . 1959 
-0 . 0143369 -0 . 0143881 -0 . 01 17342 -0 . 0109818 
-0 . 0140473 -0 . 0139742 -0.0124674 -0 . 0109976 
-0 . 0137884 -0 . 0132092 -0 . 0123643 -0 . 0111259 
-0 . 0138315 -0 . 0133643 -0 . 0122214· -0 . 0108942 
-0 . 0142580 -0 . 0132580 -0 . 01 19401 -0 . 0109345 
-0 . 0140585 -0 .0131742 -0 . 0121080 -0 . 0110299 
-0 . 0142927 -0 . 0131787 -0 . 0127610 -0 . 0113422 
-0 . 0135880 -0 . 0132513 -0 . 0123533 -0 . 0114551 
-0 . 0135624 -0. 0123002 -0 . 0116568 -0 . 0109683 
-0 . 0136114 -0. 0129175 -0 . 011 1276 -0 . 0101689 
-0 . 0132235 -0 . 0128612 -0 . 0124400 -0 . 0103908 
















- 0 . 0097116 
-0 . 00971 76 
-0 . 0094580 
-0 . 0098511  
-0 . 0100283 
-0 . 0103892 
-0 . 0109111 
-0 . 0109856 
-0 . 0107776 
-0 . 0104305 
-0 . 0106854 





-0 . 0108160 
-0 . 0108238 
-0 . 0097869 
-0 . 0098987 
-0 . 0097934 
-0 . 0101135 
-0 . 0109373 
-0 . 0100147 
- 0 . 0093718 
-0 . 0094684 
-0 . 0098627 




-0 . 0091752 
-0 . 0091059 
-0 . 0098097 
-0 . 0090685 
-0 . 0090685 
-0 . 0094193 
-0 . 0107556 
-0. 0099211 
-0 . 0097452 
-O.Ol03118 




-0 . 0083371 
- 0 . 0087400 
-0 . 0092961 
-0 . 0083280 
-0 . 0097155 
-0 . 0096642 
-0 . 0096008 
-0 . 0088591 
-0 . 0085561 
-0 . 0088437 




-0 . 0083551 
-0 . 0086798 
-0 . 0085798 
-0 . 0082120 
-0 . 0082596 
-0 . 0091085 
-0 . 0085239 
-0 . 0082354 
-0 . 0084606 
-0 . 0083149 
-0.0084405 
-0 . 0083085 
Year 
· Month 1965 
January -0 . 0079588 
February -0 . 0074038 
March -0 . 0090696 
April -0 . 0086840 
May -0 . 0095772 
June -0 . 0089369 
July -0 . 0085645 
August -0.0086889 
September -0 . 0085969 
October -0 . 0084278 
November -0 . 0086891 
December -0 . 0085086 
Table 4 
(continued ) 
. . . .  .. . .  . . ' . . . 
Year 
1966 
-0 . 0084686 
-0 . 0083004 
-0 . 0083425 
-0 . 0084032 
-0.0088856 
-0 . 0088807 
-0 . 0088807 
-0.0091217  
-0 . 0088790 
-0. 0088548 
-0 . 0089456 
-0 . 0090222 
. . . .  ' . . . . . 
Year 
1967 .  
-0 . 0089164 
-0 . 0093855 
-0 . 0093754 
-0 . 0091568 
-0 . 0090273 
-0 . 0091579 
-0 . 0090545 
-0 . 0094571 
-0 . 0089839 
-0 . 0090167 
-0 . 0088777 
-0 . 0091810 
30 
. . . ' . . . . . 
Year Year 
. . 1968 .  . . 1969 
-0 . 0086440 -0 . 0086013 
-0 . 0085876 -0 . 0092786 
-0 . 0086619 -0 . 0093624 
-0 . 0087584 -0 . 0092096 
-0 . 0088983 -0 . 0094087 
-0 . 0087280 -0 . 0092267 
-0 . 0086234 -0 . 0087210 
-0 . 0{)88492 -0 . 0090161 
-0 . 0088747 -0 . 0084095 
-0.0084053 -0 . 0084161 
-0 . 0082270 -0 . 0089164 
-0 . 0087948 -0 . 0087884 
Year 
Month 1970. 
January -0 . 0078630 
February -0 . 0083444 
March -0 . 0097061 
April -0 . 0090104 
May -0 . 0090910 
Jtme -0 . 0094861 
July -0 . 0081157 
August -0 . 0078347 
September -0 . 0088198 
October -0 . 0079767 
November -0 . 0098611  
December· -0 . 0090784 
Table· 4 
(continued ) 
. . . .  . . . . . . 
Year 
19·7.1 . 
-0 . 0093185 
-0 . 0083251 
-0 . 0081467 
-0 . 0079088 
-0 . 0088720 
-0 . 0091353 
-0 . 0099903 
-0 . 0093932 
-0 . 0094907 
-0 . 0080786 
-0 . 0088663 
-0 . 0084505 
. . . . . . 
Year 
. . . 19·7.z . 
-0 . 0087811 
-0. 0073695 
-0 . 0075648 
-0 . 0070680 
-0 . 0074382 
-0 . 0077971 
-0 . 0072522 
-0 . 0087922 
-0 . 0083620 
-0. 0078745 
-0 . 0080160 
-0. 0079844 
. . . . . .  
Year 
. . . 
. .197.3 .  
-0�0076691 
-0 . 0080472 
-0 . 0082977 
-0 . 0082864 
-0 . 0084280 
-0 . 0085496 
-0 . 0083585 
-0.0085068 
-0 . 0090161 
-0 . 0093802 
-0 . 0104753 
-0. 0125460 
3 1  
Year 
.19·7_4 
-0 . 0149400 
-0 . 0160592 
-0 . 0168260 
-0 . 0181852 
-0 . 0193349 
-0 . 0181050 
-0 . 0187163 
-0 . 0179809 
-0 . 0161607 
-0 . 0159848 
-0 . 0169103 
-0 . 0178149 
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in the pri ce as quant ity changes in the summer (vacat ion) 
per iods . Consumers have a greater des ire for . gasol ine dur ­
ing these months and are wi l l ing to pay for it . 
Frqm July 19 72, the pr ice elast icity cont inues to 
·r ise , gradually at first and then by greater amounts . The 
year 1 9 7 4  was a stabil i zation year for the pr i ce elast icity . 
Reasons for the fluctuat ions in the interval of th is study 
wil l be discussed in the conclusion. 
The pr ice elastic ity of demand was also est imated 
us ing logar ithms as in equat ion (2 1 ) . For the interval 
January 1 955 through December 19 7 4, the regression was run 
and the results of th is regression cart be seen in Table 5 .  
The results were not good . The coeff icients are of the 
hypothes i zed sign and the t-stat istic indicates the coeffi­
cients are stat istical ly s ignif icant at the f ive percent 
l eve l . The difficulty l ies with a low coeff ic ient of mul-
tiple determ inat ion and a Durb in-Watson whi ch indicates a 
high degree of ser ial correlat ion . 
To attempt to reduce the serial correlat ion in the 
regress ion of equat ion (21 ) ,  the general autoregressive 
opt ion was app l ied . The equat ion used in th is regression 
can be expressed as 
· lnDt = p lnDt -l 
+ ho + b1 1nPgt + b21nYt 






R2 = 0 . 8818 
Table 5 
Ord inary Least Squares Used to Estimate 
the Price Elasticity of Demand 
(Equation 22 ) 
Estimated 
Coeffic ient 
- 4 . 5 39090 
-0 . 2588 16 
0 .  97 97 9'4 
Standard 
Error 
.. Q .18 9 459 
0 . 0296 3 7  
0 . 025 372 
Durb in-Watson = 0 . 3 309 
Standard Error of the Regress ion = . 074 4 0 1  
3 3  
t­
Sta tistic 
-2 3 . 9582 
- 8 . 7 328 
38 . 6 169 
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The ord inary least square� e�timate w ith the auto­
regress ive opt ion for the interval February 1955 through 
Decembe� 1 974 is shriwn in Table 6 .  This regressi on is far 
super ior tq that of equation (2 1 ) shown i n  Table 5 .  The 
est imated coefficients have the appropr iate hypothes i z ed 
s ign , the t-stat ist ic indicates the coeff icients are statis -
tically s i gn ificant at the five percent level , and the co­
effic ient of mult iple determ inat ion is at an acceptabl e  
leve l . The Durb in-Watson i s  far superior in th is regres­
s ion than in the Durb in-Watson calculated from equation 
(22) . 
Time Series Model 
The use of a t ime series var iable was also imple-
mented in an attempt to improve the Durb in - Watson by reduc­
ing the degree of ser ial correlation . Because of the non­
availability of data , the interval cons ists of the period 
from January 1955 through December 1 973 . The equat ion ( 36) 
used cons isted of the basic quantity equat i on (15) plus the 
var iable T ,  added to the equation to try to show the effect 
of t ime on the equat ion 
( 36) 
The results of the ord inary least squares regression 
on equation ( 36) for the interval January 1 955 through 
h 







R2 = 0 . 98 15 
Table 6 
Ordinary Least Squares Est imat ion with 
Autoregressive Option of the Pr ice 
Elasticity of Demand Using 
Logar ithms 
(Equation 35 ) 
Est imated 
Coefficient 
- 1 . 790520 
-0 . 009425 
0 . 60 47 36 
0 . 95088 3 
Standard 
Error 
1 .  26 3860 
0 . 0 1700 3 
0 . 197 3 1 9  
0 . 023527 
Durbin-Watson = 2 . 358 4 




- 1 . 4 1671 
-0 . 554 30  
3 . 06477 









R2 = 0 . 9662 
Table 7 
Ord inary Least Squares Est imation of 
the Time Series Model 
(Equation 36 ) 
Estimated 
Coefficient 
3 . 5590 4 
-2 . 87 122 
-0 . 00276' 
0 . 0 3057 
Standard 
Error 
0 . 228 378 
1 .  3 402 30 
0 . 00'1170 
0 . 002 1 1 4  
, 
Durb in-Watson = 0 . 7 307 
Standard Error of the Regression = 0 . 30 4 39 4  
3fr 
t ­
Statisti c  
15 . 58 40 
- 2 . 1 42 3  
- 2 . 3580 
1 4 . 4 6 1 6  
37, 
well . The est imated coeff icierit of Yt is not of th� hypothe ­
si z ed s ign . The t-statist ics indicate that the coefficients 
are stat ist ically signif icant at the f i ve pe�cent level . 
The coeff i� ient of mult iple determination is acceptable but 
·the Durbin-Watson indicates a high degree of ser ial correla­
t ion. 
Est imation of the Price Ela-st ic ity of De·m·and 
The price elasticity of demand was estimated by 
tak ing the logarithm ic form of equation ( 36 ) , and then com­
put ing the elast ic ity as in equation (22 ) .  The time series 
equat ion in logarithm ic form is expressed as 
A 
ln Dt = b0 + b11nPgt + b2lnYt + b 3T ( 3 7 )  
The regression equat ion (37)  i s  shown i n  Table 8 for 
the interval of January 1955 through December 1 97 3 . The 
results aga in are not impressive . Again the est imated co-
effic ient of Yt is not of the hypothes i zed s i gn . The t­
stat ist ic indicates the coeffic ients are stat ist ically sig-
n ificant at the five percent level . The coefficient of 
mult i p le determ ination is acceptable but not impress i ve .  
The Durb in-Watson exp resses that a high degree of ser ial 
correlat ion is present . 
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Table · 8 
Ordinary Least Squares Used to Estimate the 









R2 = 0 . 9586 
Means of Logarithms 
(Equation 3 7) 
Estimated ' 
Coefficient 
6 . 39 482 
-0 . 0 390 3 
-0 . 9 1 70 7  
0 . 0064 4 
Standard 
Error 
0 . 7 12265 
0 . 02 3 38 0  
0 . 126 42 3  
0 . 000 4 31 
Durbin-Watson = 0 . 4 4 78 
Standard Error of the Regression = . 0 450 79 1 
t­
Statistic 
8 . 9 78 1 5  
-1 . 669 4 9  
- 7 . 25 4 0 3 
14 . 95090 
Chapter· 5 
C ONC LU S I ON S  
By .the me ans of tw6 stage least squares , the esti ­
mation of the price elasticity of demand in the gasoline 
industry was possible . Having observed the results , it is 
now time to apply th is statistical interpretat ion to the 
real world . 
Table 4 in Chapter 4 expresses the monthly price 
el astic ity of demand for the per iod February 195 5 through 
December 19 7 4 . I t  is interesting to note the gradual con­
stant decrease , with a few exceptions , of the price elas ­
tic ity until it reaches the lowest point in the 20 ye ar 
sp an of this study in April 19 72 .  At this po int in time , 
the price elast icity reversed its direction of movement 
and the change in the price elast icity between months be ­
gan to increase in magn itude . As of December of 19 7 4 , the 
price elast ic ity of demand was at a higher level than any 
other time dur ing the 20 year test period with the exception 
of the vacation months (April - August ) of 19 7 4 . 
The conclusion to be drawn from this data is that a 
consumer is now more wi lling to reduce the quantity of gaso ­
line pu�chased as the price rises than in the earlier years 
of the test period . There are several interrelated re asons 
for this trend . The pri ce of gasoline h�s been rising there ­
fore a larger percent of an indiv idual ' s  fixed bu'dget must 
4 0  
be allocated for the purch�se ·of . gasoline , assuming the 
price of gasoline is rising faster than the price of other 
goods , or the consumer must buy less . Substitute goods are 
not readily available and . therefore are of little importance 
to the consumer . Also inflation , which is an additional 
cause of rising gasoline prices , is reducing the real pur ­
chasing power of the consum�r causing gasoline to become an 
even greater percentage of his real budget . Note the influ­
ence of the inflationary periods of 1966-67 and 1974 on the 
price elasticity of demand . The price elasticity of demand 
during these periods is increasing due to the increases in 
the price of gasoline . Note also the effect of the price 
free ze initiated in August 1 971 . The price elasticity of
. 
demand was decreasing during this period because the quantity 
consumed was increasing and the price was remaining constant . 
Another item is the scarcity of gasoline . Even though the 
data used in this study did not include the price or quan ­
tity consumed of foreign crude oil , the domestic industry 
was still affected by the oil embargo and they passed this 
on to the consumers by means of price boosts and , in some 
cases , quantity limitations . 
In  the introduction , three reasons were g i ven as 
the basis for accomplishing this study of the price elas ­
ticity of demand . They are , recalling from the introduction ,  
policy implications , market predictability , and an academic 
-
exercise for the researcher . 
How should the estimation of th� p rice elast icity 
of demand affect the policy make r ?  The price ·elasticity , 
as noted from Chapte r 4 ,  is increasing which me ans , that 
the consume! is willing to reduce the quantity p urchased 
·in greater and gre ate r proportions as the price rises . 
Policy make rs should consider the p rice elasticity of 
demand for gasoline and remember that this is an important 
part of the markets stabili zation mechanism . Ke eping the 
prices artifically low and r estricting the quantity by 
rationing could hinder this adj ustme nt mechanism . 
What effe ct does the pric e elastic ity of demand 
4 1  
have on market p redictability ? Price · elasticity is an 
important conside ration for the management o f  the p etroleum 
industry as well as to the consumer . Both are concerned with 
what the market is doing and what it is proj e cted to do . The 
price elasticity of demand me asures the responsiveness of 
quantity demanded to price changes .  This me asurement is one 
of many used to help predict the future conditions of the 
market and is the r efore of interest to business and consumer 
alike . 
This study is also an academic exe rcise . Starting 
out with real world values· , exp e rimental abstractions are 
made . These e xp e rimental abstractions which are discussed 
in Chapter 3 ,  are then subj ecte d to exp erimeritations . These 
e xp e rimentations , consisting of running the least squares 
technique of estimation and then computing the elasticity , 
are accomplished and the observations noted . These obser ­
vations are then interpreted and applied to re�l world 
situations . This procedure is identical to the statistical 
method as outlined by Ferguson and Maurice and as discussed 
in the introduction to this study . 
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